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Abstract 
The grassland ecosystem is of great significance in global carbon cycle under the condition of global change. The 
biomass of grassland is an important parameter in estimating carbon storage of grassland ecosystem, in order to 
analyze the relationship between plant yields and climatic factors, 22 years of plant yields and climate data were 
collected on the northern slope of the Tianshan Mountains region of western China. Using multiple regression 
analysis, it was clarified that fluctuation of climatic factors affected herbage yields and their periodical variation. The 
herbage yields were correlated significantly to the water factors especially the precipitation (p<0.01), but unrelated to 
the trend variable (the former year yield has little effects on the later) and other climatic factors. Our research 
demonstrated that the herbage yields had 4-year period similar to ecoclimatic factors, but with 1/4 period delay. 
These findings revealed further that the fluctuation of some climatic elements (precipitation particularly) was the 
crucial factor affecting the formation of herbage yields of natural grassland in arid and semiarid ecosystem. These 
results on periodical fluctuations of plant yields with the climate were important for the herdsmen to rectify their 
livestock population in grazing land. What`s more, we can estimate the carbon storage in this area with the help of 
remote sensing technology and modelling method. The results will provide the scientific basis for the government to 
account grassland carbon balance and carbon storage in the future.  
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ȱ. Introduction  
The climatic factors such as precipitation, temperature and intensity of sunshine were closely related to 
the formation of biomass in natural herbage. They also led to periodical variation of herbage yields[1-2]. 
There were many researches referred to the correlation between the plant growth and the environmental 
factors. Some previous researches were involved with their correlation using multiple regression 
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method[3-8]. They revealed the correlation between herbage growth, development, yield formation and 
climatic elements[2]. These studies above mostly dealt with the correlation only between herbage yields 
and precipitation or temperature, or has a relative short period of field based data (mostly no longer than 5 
years). In recently twenty years, some bioclimatic spectrum analytic methods were introduced to reveal 
successfully some mechanisms of the formation of crops with changes of the climate. For example, 
Chao[9] and Miao[10] firstly introduced the method of maximum entropy spectral analysis in China on 
exploring the relationship between the climate and yield of crops in till-land. Huang & Li[11]reported 
spectral analysis to clarify internal relationship between the formation and periodical variation of crop 
yield and climatic factors in Time Series but they did not mention the perennial herbage yield of natural 
grasslands. As a broad distribution of the perennial herbage in natural grassland and important relation 
with the environment conditions, it was important to ascertain the internality of the formation of herbage 
production for the herdsmen management. However, few research using multiple regression analysis and 
two spectrum analysis comprehensively to reveal the correlation and periodicity in the formation of 
perennial herbage yields of natural grasslands and climatic factors. To do these, a long term field based 
observation was needed. 
 Since 1970’s, a long-term-research station of grassland ecosystem was set up on the northern slope of 
Tianshan mountain of western China. This station provided a possibility for us to reveal some principles 
of dynamics in natural resource. Therefore, based on 22 year field-base data, the objective of this study 
were: 1) to clarify the correlation between herbage yields of natural grassland and ecoclimatic factors and 
find out what was the most important climate drivers for the formation of perennial herbage yield in 
desert steppe using normal stepwise regression analysis; 2) to reveal the regularity of herbage yields 
responding to climate fluctuations in periodicity using two spectrum analysis methods, so as to serve for 
herdsmen`s grassland manage.3) to calculate the carbon storage using the remote sensing technology and 
meteorological data.  
.Methods Ċ  
1.Study area  
The study area locates at Ziniquan ranch (between 43°29ƍ-44°05ƍN and 85°18ƍ-85°58ƍE) in Xingjiang 
Uygur Autonomous region, China. It situates on the northern slope of the Tianshan mountains with 
evaluations ranging from 1100 to 1600 m, which is a chief spring-autumn-winter pasture in Tianshan 
mountain grasslands. The study area is in a typical region of the arid ecosystems in the Tianshan 
Mountains, with a complex mosaic of streams and mountain ridges running down the highest peak. The 
study area has a typically continental climate, with annual mean precipitation of 300 mm (much of them 
distributed in June-August), annual mean evaporation of 1650 mm, annual mean temperature of 6.1 oC, 
and frost-free season of 160 - 180 days. 
2.Data collection 
The field investigation was carried out from 1974 to 1996, and the above herbage yield was measured 
semimonthly in the study area from March to November each year, together 18 times each year. In each 
year, a 500 m×100 m sample-plot was set up on major pasture types to collect vegetation data. The plot 
was enclosed by permanent fence for ungrazing. The production was measured in a random arrangement 
of 1 m×1 m subplots with 4 replications. They were collected by harvesting all plants at the ground and 
separated by different species, then dry matter (DM) productions were calculated after oven-drying some 
of each plant sample at 65 oC in an oven for 12 hours. The data of monthly yield was counted by average 
two times of the productions in each month. 
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The climatic data in the season of plant growth (March to November) was obtained at long-term 
meteorological station in the Ziniquan ranch nearby the study area, which set up for ecosystem research 
following internationally unified method. 
 3.Stepwise regression analysis 
Stepwise regression analysis is a method most widely used among multiple regression models. This 
method can draw K linearly independent factors from n factors by adding or removing a predictor 
variable in accordance with the "stepping criteria," until stepping is no longer possible given the stepping 
criteria, or when a specified maximum number of steps have been reached. These processes can be 
reached by SPSS package. 
4.Data analysis 
In order to explore 22 year` changes (time serials) in the relationship between vegetation and 
climates, the average of data in the period of plant growth each year was regarded as a variable for further 
analysis. The yearly average of yield was calculated by average nine month`s productions from March to 
November. In the same way, the average of climate data in the same period of plant growth was counted 
by average nine month`s climate data from March to November. Thus, we got the time series of data 
about herbage yield and climates (including 12 climate factors). Then, the correlation coefficients (r) were 
carried out and multiple regressions (stepwise) were used with SPSS package to find out the most 
important factors for the formation of herbage yields.  
Carbon storage estimation 
5.1 Biomass estimation  
Using multivariate statistical analysis method, the scale relation between the maximum grass yield and 
the aboveground maximum biomass is fitted: 
                         Y=0.6005X ( N=270ˈR=0.8108**)             ˄1) 
 Where the Y is aboveground maximum biomass, X refers to the Maximum grass yield 
measurement, N is sample numbers and R is related coefficient.  
5.2 Carbon storage estimation 
 The carbon storage estimation formula of grassland vegetation is as follows: 
                            CRi=Si×CDi                                                       (2) 
 Where the CRi is the carbon storage of i type grassland vegetation, Si is the distribution area of i 
type grassland vegetation(hm2), CDi is the organic carbon density of i type grassland vegetation(kg/hm2) 
                            CDi=Yi×Ci                                    (3) 
 Where Yi is the biomass of i type grassland vegetation, Ci is the organic carbon content of i type 
grassland vegetation(kg/hm2). 
.Resultsċ  
1.Relationship between plant yield and ecoclimate factors 
The yearly yields (average) fluctuated from 1974 to 1996 (Figure 1). We presume the average yield of 22 
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year as 100% (736.35DM kg/ha), then, there are 10 years with the yields of 80%-120%, 7 years below 
80% and 5 years above 120%. The maximum (1061.4DM kg/ha) occurred in 1996 (rain was 497mm), and 
the minimum (568.05DM kg/ha) was in 1978 (rain was 198mm). The result of correlation analysis 
showed that the trend variable was unrelated to the yields.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig1. The variation of herbage yields of natural grasslands from 1974 to 1996. The average yield of 22 year as 100% (736.35DM 
kg/ha). 
The yields were significantly correlated (p<0.01) with four variables: the mean precipitation (R); 
mean relative humidity (RH); mean absolute humidity (E) and mean percentage of sunshine (S) in each 
period of plant growth (Table 1). Other climate variable such as accumulated temperature of daily mean 
temperature (Tmean)10 oC, accumulated temperature of Tmean0 oC (AT); days when Tmean >0 oC; 
accumulated temperature of Tmean10 oC; etc, was unrelated to the yields. Among 12 factors, the 
correlation coefficient between the precipitation and herbage yields was the highest (r= 0.80). By multiple 
regression analyzing the independent variable including trend variable and 12 climatic factors and yields 
(dependant variable) with stepwise way, the result showed that there were five climate variables can be 
added into variable regression model (P < 0.01). Other variables including trend variable were removed 
from the equations. These result demonstrated that the water (air moisture) was the factor restricting 
herbage growth and yields formation in arid and semiarid desert region.  
Table 1. Correlation coefficients between natural herbage yields and ecoclimatic factors 
Factor t AT R RH E S X7 
Coefficient 0.28 -0.32 0.80** 0.70** 0.78** -0.67** -0.29 
Factor X8 X9 X10 X11 X12 X13  
Coefficient -0.06 0.10 -0.22 0.04 -0.17 0.23  
Note: * --- The correlation coefficient passed the significant test at the level of 0.05 (p<0.05), ** at the 
level of 0.01 (p<0.01). t --- Trend variable year (the value is 74, 75, …, 96);  
R--- annual precipitation; RH--- annual mean relative humidity; E= annual mean absolute humidity; S= 
annual mean sunshine percentage; AT= accumulated temperature of daily mean temperature (Tmean) 0 oC; 
X7= days when Tmean > 0 oC; X8= accumulated temperature of Tmean10 oC; X9= days when Tmean>10 oC; 
X10= days when daily minimum temperature (Tmin) < -20 oC; X11= days when Tmin < -30 oC; X12= days 
when daily maximum temperature (Tmax ) > 30 oC; X13= days when Tmax >35 oC; 
2.Periodical change of plant yield and ecoclimate factors 
By analyzing the plant yields with maximum entropy spectrum, the result revealed a quasi-4-year period 
and maximum delay time m= 6 and m= 8 in the 22 year of herbage yields (Figure 2). Variation period 
analysis of climatic factors R, RH, E, S, AT and days when minimum temperature<0 oC (Dt) showed that 
0
20
40
60
80
100
120
140
160
180
74 76 78 80 82 84 86 88 90 92 94 96
year
yi
el
d 
pe
rc
en
t r
at
e 
(%
)
perennial average yield
1765 Jianlong Li et al. /  Procedia Environmental Sciences  10 ( 2011 )  1761 – 1767 
R was far from normal distribution, it needs to preprocess by Extracting cubic root of R. Figure 3 (m= 8) 
displayed that the variation periods of the precipitation were 2, 4 and 16 years, and the strongest 
fluctuation was 4-year-period. The variation periods of RH, E, and Dt were also 4 years, and that of S and 
AT were 3.6 and 3.3 years (Figure 4).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Spectral analysis of maximum entropy of grass yields in natural grasslands (a :m = 6 ; b :m = 8) 
3. Relationships of sequences between plant yield and ecoclimate factors 
   The co-spectrum value in Table 2 clarified that the yields have homothetic phase positive correlation 
with R, E and RH. It reached the maximum of approximately 0.2 with period of 3 or 4 years, and about 
0.1 with periods 2.4 and 6 years. The co-spectrum of Dt reached the maximum with 4-year period, while 
the relationship between AT, S and yields showed some kind of homothetic phase negative correlation, 
these result further verified the results above. 
 As the threshold value of coherency spectrum is between 0 and 1, which is similar to correlation 
coefficient, the nearer the value is to 1, the closer the two sequences would be on this frequency. Table 3 
showed the value of the coherency spectrum was relatively high on all frequencies. The yields were 
closely related to R, E and RH, and there were significant correlations in the period of 2.4 and 3 years 
(p<0.01). R passed the significant test with 4-year period (p<0.01) and 6-year period (p<0.05). While 
coherency spectrum of factors AT, Dt and S did not pass the significant test. This result demonstrated that 
the moisture was the crucial factor affecting the periodical variation of herbage yields. The result in cross 
spectrum analysis also demonstrated the delayed response of herbage yields to meteorological changes, 
especially that apparent lag of 1/4 period in the precipitation variations.  
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Fig3. Spectral analysis of maximum entropy of the precipitations in natural grasslands 
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.ConclusionČ  
Based on 22 year field base data, it is verified that water elements in all climate factors were  the most 
important driver for the formation of herbage yield while other climate factor has little direct relationships 
with the yield. Among these water elements, the precipitation was the crucial factor affecting herbage 
yields of natural grassland in arid and semiarid ecosystem. The herbage yields were correlated 
significantly to the precipitation (p<0.01), but unrelated to the trend variable (the former year yield has 
little effects on the later).The fluctuation of climatic factors affected herbage yields and their periodical 
variation directly. Our research demonstrated that the herbage yields had 4-year period similar to 
ecoclimatic factors, but with 1/4 period delay. 
With the herbage yield data, we can estimate the carbon storage of desert grassland in this area, 
furthermore, we can forecast the distribution and change of carbon storage in the future with the MODIS 
data and CENTURY model. Through acquisition and inversion vegetation information and related 
biophysics parameters, it is possible to monitor the space distribution of grassland carbon fixed amount 
timely, accurately in large range and multi-scale. The results is of great significance in global carbon 
cycle researches, and provide the scientific basis for the government to account grassland carbon balance 
and carbon storage in the future. 
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Table 2. Co-spectrum values of herbage yields and ecoclimatic factors 
Wave 
number 
Period 
(yr.) 
R (mm) E RH AT Dt S 
0  0.0249 0.0487 0.0340 0.0068 -0.0025 -0.0321 
1 12 0.0598 0.0952 0.0575 -0.0002 0.0046 -0.0634 
2 6 0.1218 0.1118 0.0808 -0.0279 0.0958 -0.1065 
3 4 0.2198 0.1895 0.1825 -0.1024 0.1182 -0.1907 
4 3 0.1950 0.1936 0.1926 -0.1268 0.0044 -0.1754 
5 2.4 0.1011 0.1047 0.1102 -0.0581 -0.0323 -0.0792 
6 2 0.0390 0.0353 0.0388 -0.0128 -0.0073 -0.0194 
Note: Dt= days when minimum temperature<0 oC. 
Fig 4. Spectral analysis of maximum entropy of annual average sunshine percentages in natural grasslands 
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Table 3. Coherency values of herbage yields and ecoclimatic factors 
Wave 
number 
Period 
(yr.) 
R (mm) E RH AT Dt S 
1 12 0.2332 0.5877 0.2995 0.0049 0.0039 0.5106 
2 6 0.5625 0.3193 0.2271 0.0298 0.1842 0.4320 
3 4 0.8980 0.5416 0.4796 0.1929 0.1544 0.4898 
4 3 0.9379 0.8435 0.6657 0.3582 0.0028 0.5099 
5 2.4 0.6823 0.9333 0.7432 0.2827 0.2439 0.5020 
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